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Detailed explanation of the invention 

This invention concerns a large-scale integrated circuit (LSI) micro-computer that uses a complementary 
insulated gate transistor. It particularly offers a micro-computer in which the area of the semiconductor chip is small, 
and the consumption of power can be reduced. 
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Logic circuits in an integrated circuit (IC) can generally be classified as using a static method or a dynamic 
method in the mechanism. 

The static method uses only static logic, such as a flip flop circuit or a latch, for example, which is effective 
in that there is no time limit in the preservation of information, but on the other hand a disadvantage exists in a large 
number of elements, which accordingly increases the area of a semiconductor chip. 

On the other hand, the dynamic method includes dynamic logic, which utilizes electric charges that 
accumulate in the gate flotation capacity of an insulated gate type transistor in the preservation of information. 
When comparing the same circuit, it uses a lower number of elements than in the static method. In other words, it 
has the benefit of enabling the formation of a large quantity of logic circuits in a semiconductor chip in the same 
area. On the other hand, it has a disadvantage in that rewriting (refreshing) must be repeated at a frequency within a 
constant period of time (within several milliseconds) because electric charges in the gate flotation capacity decrease 
from leakage current, and the power consumed increases because refreshing is necessary. 

Particularly recently, micro-computers that have a low power consumption and can be operated by 
batteries, for example, and in which a large number of logic circuits are integrated into a semiconductor chip in a 
small area, which can be represented by one-chip micro-computers, for example, have been requested. 

As a method for satisfying the demand for low power consumption, the use of a complementary type 
insulated gate transistor (of several types, but they are comprehensively referred to as a "C-MOS" in this 
specification) has been considered instead of conventional P-channel and N-channel insulated gate transistors. 
Although the power consumption can certainly be decreased by a C-MOS, the number of elements increases when 
the static method is used, and the area of a semiconductor chip increases. Also, even if the dynamic method is used, 
the power consumption due to an increase in the frequency f increases because of the relationship of P=CV 2 f (P: 
power, C: capacity, V: voltage, and f: frequency) when an attempt is made to operate by a high frequency clocking 
signal for increasing the execution speed, and the advantage of using a C-MOS is not significantly displayed. 

The dynamic method will be examined in detail here. ROMs and RAMs that are prepared by completely 
dynamic logic generally require a pre-charging period, and it can be understood that the destruction of information 
does not occur even if the internal system clock is stopped during this pre-charging period. More precisely, the 
completely dynamic logic has a period which can be called an information non-destruction period. The random logic 
of the dynamic method also includes a portion of static logic like the latch described above, and it can be understood 
that the destruction of information does not occur when the system clock is stopped when necessary information is 
within such a static logic or during the period when the input of the dynamic logic is directly connected to such 
static logic. In other words, a period which can be called the information non-destruction period also exists in the 
random logic. 

The objective of this invention, which was made while considering the point described above, is to improve 
the individual and independent setting of the timing for not destroying such information in the area of each 
conventional dynamic circuit while considering only the convenience of that circuitry part, to design the system 
timing so that the entire circuitry part containing the necessary information is in a state without the occurrence of the 
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destruction of information described above during the specific timing by the dynamic method, and to offer a micro- 
computer having both the advantage of a small area and large capacity of the dynamic method and the advantage of 
a low power consumption of a C-MOS by stopping the system clock throughout the system at that specific timing 
point. 

Another objective of this invention is to offer a micro-computer which can stop all clocks within the 
computer at a certain timing from the outside by adding a level signal referred to herein as a halt (HALT) signal into 
one of the input terminals of this micro-computer. 

The conventional type referred to as a halt or hold (HOLD) terminal meant allowing the operation to rest 
by a command of the software of a computer in response to said halt or hold signal. In that case, the dynamic 
memory was still operating and was refreshed even when not operating, in other words, while maintaining a so- 
called idle (IDLE) state. Accordingly, the power consumption during a conventional halt period was not different 
from other states. The halt or hold referred to in this invention (they will be representatively referred to as "halt" 
below) decreases the consumption power to the order of a leakage current by completely stopping the system clock, 
which is used in the operation of the dynamic logic. Through this, the conventional consumption power of 15 
milliwatts (mW) necessary for the dynamic logic even in the halt state can be lowered to the order of 5 microwatts 
(^W) at most in this invention. 

The integration of a command for attaining the halt state in this invention into the set of commands in the 
software can also be considered, but in this case, one must consider the generation of a delay for the time necessary 
for the processing of the software. The execution of the halt command by hardware through an external terminal in 
this invention has the advantage of fast and simple signal processing. 

Another objective of this invention is to offer a micro-computer in which erroneous operations are 
prevented by receiving a halt signal only during a specific period prior to the timing for obtaining the halt state. 

An application example of this invention will be concretely explained in accordance with the figures below. 

Figure 1 is a block diagram which shows an entire micro-computer as an application example of this 
invention. In the diagram, a micro-computer (1) includes a read-only memory (ROM), random access memory 
(RAM), arithmetic circuit, and a controlling circuit, etc. over a single semiconductor chip constructed by a 
complementary type insulated gate transistor (C-MOSFET) integrated circuit. This micro-computer changes the gate 
mask in the manufacturing process according to a program prepared by the user, and coats the fixed ROM within the 
chip. This micro-computer can be constructed over a single semiconductor substrate. Operations of the main 
structural elements of the micro-computer ( 1 ) will be explained below. 

Operation of ROM 

A ROM (2) integrated into the micro-computer ( 1 ) can hold commands of 1024 words x 8 bits, and the 
operation of the elements within the micro-computer (1) are determined through these commands. The ROM (2) is 
sectioned into 16 pages, and each page can contain 64 commands. The program starts from one determined address 
by turning on the power source, and the program counter PC of the shift register afterwards executes the ROM 
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commands in each page successively. A branch command with conditions attached or call sub-routine command 
changes to move the 6-bit program counter address to software control, and each sub-routine return address is stored 
in the sub-routine return register. Page address-register (4 bits) PA stores the page executing at present out of the 16 
ROM pages. 

Operation of RAM 

A RAM (3) consists of 256 bits which can specify an address, and is comprised of 4 files of 16 words x 4 
bits. The RAM (3) is addressed either by the X register XREG or the Y register YREG, or the Y register is 
controlled by the arithmetic circuit (4), and 1 word out of 16 words in 1 file is specified. 

This micro-computer (1) includes commands like "comparing the contents of Y to a constant," "setting Y 
to a constant," "increasing the content of Y by 1," "decreasing the content of Y by 1," and "transferring data from Y 
or to Y," for example. 

2 bits in the X register XREG select 1 of the 4 files in the RAM (3). Either a constant is placed in the X 
register XREG, or a complement is used, and a data word in 4 bits is transferred to an accumulator ACC, X register 
XREG determined by the constant of the ROM (2), or the RAM address (location) specified by the Y register 
YREG. The output word from the RAM (3) is processed at the arithmetic circuit (4), and transferred to the Y 
register YREG or the accumulator ACC after an interval of 1 command. All of the bits within the RAM (3) can be 
set/reset, or bits can be tested. 

Operation of the arithmetic circuit unit (ALU) 

The arithmetic and logic arithmetic operations are executed by a 4-bit adder and a logic circuit, which is 
attached to it, and the arithmetic circuit implements logic arithmetic comparisons, arithmetic calculation 
comparisons, and additions and subtractions. 

Input and output 

The micro-computer (1) has 8 data inputs, which are Kl, K2, K4, and K8 and LI, L2, L3, and L4, and they 
are multiplexed and introduced into a 4-bit input bus. In addition to this, micro-computer (1) has a control input 
referred to as a K/L selector and a mode selector. The K/L control input has an internal pull-down register, and 
selects input K when there is no input or when the K/L input is at a low level. The 4-bit input L is selected when the 
K/L input is at a high level. 

Micro-computer (1) has 2 output channels, which are output R and output 0, to suit multi-purpose 
applications. Output R generally multiplexes inputs, but it is also used for synchronizing the display output, external 
memory output, and output 0 as the output data to an external system. 
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Instruction PLA (programmable logic array) 

Programmable commands are defined by the instruction PLA (6). 32 programmable input NAND gates 
decode command words in 8 bits. Each NAND gate selects combinations of 16 micro-instructions. These 16 micro- 
instructions control the write-in input to the arithmetic circuit (ALU), status latch, and the RAM (3). 

Clock generating circuit 

Signal processing within the micro-computer (1) is executed based on an external clock from terminals 
OSC1 and OSC2 and in synchronization with the system clock (e x , 0 Y , and 0 Z in this application example) formed 
by the clock generating circuit (5). One of the characteristics of this invention is to input a halt signal indicated by 
HALT in Figure 1 to this clock generating circuit (5) and stop the system clock of the clock generating circuit (5). 
This point will be explained in detail later. 

Timing 

One command cycle in the application example in this invention consists of 6 clock cycles, and all of the 
commands are executed within one command cycle. Actual machine cycle time is determined by either the oscillator 
OSC1, a resistance and a capacitor that are connected to pin of the oscillator OSC2, or an external clock input 
frequency added to OSC1. As one example, when the command cycle is 6-120 micro-seconds, each clock cycle of 
1-20 micro-seconds, which is 1/6 of said cycle, can be used. 

Figure 2 shows timing charts of outputs, inputs, and commands in the application example of this invention 
illustrated in Figure 1 with the flow of time in the direction to the right. The first command cycle indicated in the left 
side half is a stage for fetching the Nth command (fetch cycle), which is also a stage for executing the preceding 
command (N-l) (execute cycle) at the same time. The second command cycle indicated in the right half is a stage 
for executing the Nth command, which is fetched in the aforementioned first command cycle, which is also a stage 
for fetching the next (N+l) command at the same time. Timings of various operations with respect to the Nth 
command are described corresponding to the clock cycle Tl through T6 in the lower half of the figure. 

With respect to the Nth command, the ROM is addressed between Tl and T3 of the first command cycle, 
fetched at T4, and the program counter is renewed at T5, and a branch/call is executed. In the second command 
cycle, the instruction is executed over T1-T6, the RAM is read out at T1-T3, the RAM is written at T4, and the ALU 
is input at T3 and T4. 

In this application example, the ROM (2), RAM (3), and the instruction PLA (6), etc. are formed of 
completely dynamic logic. Figure 2 shows only the ROM and the RAM as an example indicating a command cycle 
of completely dynamic logic. As is clearly indicated in Figure 2, the system is designed so that at least one portion 
of the pre-charging period of the ROM and the RAM that have completely dynamic logic falls over the timing at T6. 
With other dynamic method random logics as well, as clearly shown in the waveform of ALU indicated as an 
example in Figure 2, the timing is designed so that information that requires the preservation of the information 
during the halting time enters the static logic (in other words, a state exists in which the information is not held in 
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the gate flotation capacity) at least at the timing of T6. Areas indicated by thick lines in the waveforms of ROM, 
RAM, and the random logic in Figure 2 indicate the pre-charging time described above and the time possible for the 
preservation of information. 

Operation of the halt signal 

Figure 3 shows the clock generating circuit (5) in the application example in this invention illustrated in 
Figure 1. This circuit is formed over a semiconductor substrate as a part of a large scale integrated circuit (LSI) or as 
a part of a micro-computer in Figure 1, and includes oscillation input terminals OSC1 and OSC2, halt signal input 
terminal HALT, oscillation circuit (54), a sexenary counter (55) mainly comprised of a transfer gate, and a clock 
output circuit (56). Output signals o x , 0 Y , and o z that are output from the clock output signal (56) here are supplied 
to almost all of the circuits in the micro-computer in Figure 1, and a basic system clock operates them. Figure 1 is in 
accordance with a commonly used technique, and the output circuit (56) and the wires with the supplying ends of 
these system clocks are omitted. 

In the application example in this invention, halt signals at a high level are received from the halt signal 
gate circuit (7). in Figure 3 only during the execution cycle (execute cycle) between T2 and T4. More precisely, even 
though halt signals are generated at T5 and T6, a halt is accepted for the first time at T2 in the next cycle. In this 
manner, the period of T5 is assured before T6 for an actual execution of that half signal (the final timing in the 
execution stage), and inputting of the halt signal is made reliable. In this manner, the unreliability resulting from a 
delay in the signal in the system can be eliminated by not using the timing that is one timing before the final timing 
in the execution stage as the input timing of the halt signal. In other words, a margin is given to the delay of the 
signal in the system, and a simple design can be attained. 

In Figure 3, signals indicated in Figure 4(a) and (b) are respectively supplied to the oscillation circuit (54) 
from an external oscillator through oscillation input terminals OSC1 and OSC2. If a signal at a low level (level V ss , 
for example) has entered the input terminal (53) of the halt signal, this micro-computer continuously operates 
normally. On the other hand, when a signal at a high level (level V DD , for example) enters, the halting function 
operates, and the entire computer system stops. 

First, when a low level signal is given to the halt signal input terminal HALT, in other words, when the 
halting function is not operating, the oscillation signals indicated in Figure 4(a) and (b) enter the oscillation circuit 
(54), pass through the sexenary counter (55) and the clock output circuit (56), and system clocks 0 X , 0 Y , and 0 Z 
indicated in Figure 4(c), (d), and (e) are output. In this invention, instead of using 6 system clocks corresponding to 
T1-T6 timings which make up one command, 3 system clocks o x , 0 Y , and 0 Z , which is half, are used as basic clock 
signals which operate each of the circuits. A timing of the clock cycle at any of Tl through T6 can be obtained 
through a combination of the system clocks 0 X , 0 Y , and e z . 

When a halt signal at high level enters the input terminal HALT in Figure 3, the output operation of the 
oscillation circuit (54) stops. During this, a disadvantage occurs in which the position of the storage of the 
information cannot be specified when the halting function operates regardless of timings T1-T6. Therefore, in this 
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invention, the halt signal gate circuit (7) inputs [signals] into the NOR circuit (57) while correlating between the halt 
signal and other timing signals (o 2 in this application example) in a manner so that the halt signal is received only at 
a pre-determined optional timing (T2-T4 in this application example) out of one command cycle T1-T6. In this 
application example, the signal enters from the sexenary counter (55) into the NOR circuit (57) at a timing 
equivalent to T6 so that the halting function operates at T6, which is the final timing of the command cycle, as 
described above. In this application example, HALT , 0 X , and 0 Y are input into the NOR circuit (57), specific 
timing T6 in the command cycle is determined at 0 X and 0 Y , and the halting function is executed only when all of 
HALT , 0x , 0y, and 0 Z are "0." Stopping of the system can be stably obtained because the halt signal is received 
only at T2-T4. 

The system is integrated so that the information within the dynamic circuit always enters the static logic at 
specific timing T6 for the execution of this halting operation. Therefore, necessary information is preserved even if 
the system clock stops. In this manner, high density integration in a small area, which is an advantage of dynamic 
logic, can be obtained, and at the same time information, which has been stored within a circuit constructed by a 
complementary type insulated gate FET, can be preserved without being destroyed by the halting function, and the 
consumption of power during the preservation decreases to a very low level. 

The term C-MOS is used in this specification, however, this invention is not limited only to metal gate 
FETs, and it is clear that application with metal gates, silicon gates, and other gate type FETs is possible. 
Furthermore, one should notice that the terms complementary type and C-MOS in this specification are used with 
broad meaning, and they also refer to the case in which a P-channel MOS and an N-channel MOS used in a ROM, 
for example, are respectively manufactured separately using both a P-channel MOS and an N-channel MOS when 
the entire circuit is viewed. 

Brief description of the figures 

Figure 1 is a block diagram, which indicates an application example of the micro-computer in this 
invention. 

Figure 2 is a timing diagram, which shows the operational state in the application example illustrated in 

Figure 1. 

Figure 3 is an electric circuitry diagram of a major circuit in the application example illustrated in Figure 1. 
Figure 4 is a timing diagram, which shows the operational state of the circuit illustrated in Figure 3. 
1 -Micro-computer, 2 -ROM, 3 —RAM, 4- •arithmetic circuit, 5-clock generating circuit, 6-instruction 
PLA, and 7 ■ halt signal gate circuit. 
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